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ABSTRACT
Aims. We study the large-scale magnetic field structure and its interplay with the gas dynamics in the Monoceros OB1 East molecular
cloud.
Methods. We combine observations of dust polarised emission from the Planck telescope and CO molecular line emission observa-
tions from the Taeduk Radio Astronomy Observatory 14-metre telescope. We calculate the strength of the plane-of-the-sky magnetic
field using a modified Chandrasekhar-Fermi method and estimate mass over flux ratios in different regions of the cloud. We use the
comparison of the velocity and intensity gradients of the molecular line observations with the polarimetric observations to trace dy-
namically active regions.
Results. The molecular complex shows an ordered large-scale plane-of-the-sky magnetic field structure. In the Northern part, it is
mostly orientated along the filamentary structures while the Southern part shows at least two regions with distinct magnetic field
orientations. We find that in the Northern filaments the magnetic field is unlikely to provide support against fragmentation at large
scales. Our analysis reveals a shock region in the Northern part of the complex right in-between two filamentary clouds which were
previously suggested to be in collision. Moreover, the shock seems to extend farther towards the Western part of the complex. In the
Southern part, we find that either the magnetic field guides the accretion of interstellar matter towards the cloud or it was dragged by
the matter towards the densest regions. The large-scale magnetic field in Monoceros OB-1 East molecular clouds is tightly connected
to the global structure of the complex and, in the Northern part, it seems to be dominated by gravity and turbulence, while in the
Southern part it influences the structuring of matter.
Key words. ISM: general, magnetic fields, clouds
1. Introduction
Magnetic fields are one of the key factors that regulate dynam-
ical processes in molecular clouds along with gravity and tur-
bulence. Studies of the relative orientation between filamentary
molecular clouds and interstellar magnetic fields traced by po-
larimetric observations of dust emission are one of the main tools
to probe how the magnetic field affects the evolution of the in-
terstellar medium (ISM) and the formation of dense structures.
Planck Collaboration Int. XXXV (2015) showed that in nearby
molecular clouds the relative orientation changes from parallel
to perpendicular with increasing column density. The latter ef-
fect can be understood on the basis of MHD turbulence proper-
ties (Xu et al. 2019) as well as on their inner morphology and
evolutionary stage (Liu et al. 2018b; Doi et al. 2020; Soam et al.
2019; Malinen et al. 2016; Alina et al. 2019). Alina et al. (2019)
suggested that the high density contrast filaments could be those
where self-gravity takes over, and the magnetic field turns out to
be perpendicular to the over-densities. MHD simulations reveal
that the formation of structures within molecular clouds is highly
affected by the magnetic field while the magnetic field strength
and structure are both affected by the turbulent motions of matter
(Andre´ et al. 2014; Li et al. 2014; Hennebelle 2013; Federrath
2016).
Polarimetric observations of the interstellar dust allows us to
trace indirectly the magnetic field orientation, but it suffers from
the signal integration along the line of sight and from the ambi-
guity coming from the projection of distinct structures onto the
plane-of-the-sky (POS), which in this case may seem to be con-
nected. If the former constraint can partly be alleviated for obser-
vations in the lines of sight out of the Galactic disk and within
the optically thin emission assumption, the latter can only be
examined using molecular line data. A recently developed tech-
nique of velocity gradients (see Gonza´lez-Casanova & Lazarian
2017, Yuen & Lazarian 2017a, Lazarian & Yuen 2018a, Hu et al.
2018) provides a new promising way of using spectroscopic data
for sampling magnetic fields in molecular clouds (see Hu et al.
2019c, and references therein).
Connecting information on the dynamics of molecular
clouds to their magnetic field structure allows one to better un-
derstand how turbulence, magnetic fields, and gravity are regu-
lating the dynamical processes in molecular cloud filaments and
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in star formation process. The Monoceros OB-1 molecular com-
plex is well suited for such studies thanks to its location far from
the Galactic centre, thus limiting confusion along the line-of-
sight (LOS) which is crucial for submillimetre observations, its
intermediate distance of 723 pc (Cantat-Gaudin et al. 2018) and
a wealth of observations confirming an active star forming pro-
cess. The Eastern part of the complex, which is the subject of
this study, hosts the NGC 2264 open cluster. It contains not only
bright O and B stars, but also many T Tauri stars along with
signs of star formation activity such as Young Stellar Objects and
dense cores (Dahm & Simon 2005; Chen et al. 2007; Gregorio-
Hetem 2003; Wolf-Chase et al. 2003). The dynamics of the
filamentary structure of G202.3+2.5, which is located in the
Northern part of the Monoceros OB-1 East molecular cloud, was
extensively studied by Montillaud et al. (2019a,b) using observa-
tions of the TRAO (Taeduk Radio Astronomy Observatory) 14-
metre and IRAM (Institut de Radio Astronomie Millime´trique)
30-metre telescopes. They showed that the cloud is likely ex-
periencing a collision of two filaments, and the junction region
exhibits signs of intense star forming activity.
The aim of this paper is to study the large-scale magnetic
field of the Monoceros OB-1 East molecular cloud and investi-
gate how it interlaces with the global dynamics. To do so, we
use the Planck1 telescope polarimetric observations of the in-
terstellar dust emission and new TRAO 14-metre telescope ob-
servations of CO (J=1-0) emission. We use the novel technique
of comparison of the spectroscopic velocity and intensity gradi-
ents with the magnetic field orientation (Gonza´lez-Casanova &
Lazarian 2017; Hu et al. 2019c) in order to trace the dynamical
processes within MHD turbulence.
The paper is organised as follows: we describe the data and
the methods in Sect. 2 and 3 respectively; we present and discuss
the results in Sect. 4 and we propose our vision of the interplay
between the magnetic fields and the evolution of the cloud in
Sect. 5.
2. Data used
2.1. Continuum observations and data
Planck data:
To trace the magnetic field orientation in the POS, we use the 353
GHz polarised channel data from the Planck PR3 release (Planck
Collaboration et al. 2018). It provides the Stokes I, Q, U maps
and the corresponding noise covariances. To increase the signal-
to-noise ratio, we smooth all maps from nominal angular resolu-
tion (5′) up to a resolution of 7′ using a Gaussian kernel, and ac-
cording to the procedure described in Planck Collaboration Int.
XIX (2015) where the local polarisation reference frame rotation
is carefully taken into account.
The polarisation fraction (p) and polarisation angle (ψ) are cal-
culated from the measured Stokes intensity I and linear polari-
sation parameters (Q, U) as follows:
p =
√
Q2 + U2
I
(1)
ψ = 0.5atan(−U,Q) , (2)
where the two-argument function atan is used to account for the
pi-periodicity. The POS magnetic field angle ψB is obtained via
1 http://www.esa.int/Planck is an ESA mission with participa-
tion of NASA and Canada.
Fig. 1: Top: log10(p/σp), bottom: σψ in degrees; estimated using
Bayesian analysis of the Planck data. Contours correspond to the
Planck intensity level of 8 MJy/sr.
rotation of ψ by pi/2:
ψB = ψ + pi/2 . (3)
The Planck data are in the COSMO convention adopted from
Zaldarriaga (1998), this is the reason for taking the negative
value of U. Both angles are defined in the range from −90◦ to
90◦ in Eq. 2, and are counted positively from Galactic North to
East according to the IAU convention.
These quantities are biased due to non-linearity of the equations
above and presence of noise in the data (Serkowski 1958; Quinn
2012; Montier et al. 2015a), especially at low signal-to-noise
ratios (S/N). We estimate the S/N on the polarisation param-
eters by calculating the classical estimates of the uncertainties
(Montier et al. 2015a), which takes into account the full noise
variance matrix. The resulting S/N of the polarisation fraction
and the uncertainty of polarisation angle are shown in Fig. 1. We
observe that the uncertainty on the angle can be up to 20◦ even
for reasonable, larger than three, S/N of the polarisation frac-
tion. It is worth noting that S/N is overestimated as the classical
estimate fails at low true signal-to-noise ratios (Montier et al.
2015b). To increase the reliability of the data and of the S/N
estimation, we compute the Bayesian estimates of p, ψ, and the
corresponding uncertainties by performing Monte-Carlo simu-
lations to build posterior probability density functions (PDF) as
described in Planck Collaboration Int. XIX (2015). In what fol-
lows, p and ψ stand for the mean Bayesian estimates of polari-
sation fraction and angle, while σp and σψ denote their uncer-
tainties calculated from variances over the PDFs, and only pixels
with S/N(p) ≥ 2 and σψ < 10◦ are considered.
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Fig. 2: Left panel: Planck 353 GHz intensity map in MJy/sr at the angular resolution of 7′ with the POS magnetic field orientation
overlaid as blue segments. The length of the segments corresponds to the polarisation fraction, with the reference length of 15′
corresponding to p = 0.05 (shown in the red box in the bottom right corner). Only data satisfying S/N(p) ≥ 2 and σψ < 10◦ are
used for polarisation studies. Red, yellow, and green lines show respectively the contours of the TRAO map used in this analysis,
the Northern region (Fig. 4), and the Southern region (Fig. 9). The pink dashed line shows the isolatitude bII = 0◦.
Right panel: TRAO 12CO integrated (between vlsr = −3 and 17 km s−1) T ∗a intensity map in K km s−1 at the angular resolution of
47′′ with the POS magnetic field orientation derived from the Planck data overlaid as blue segments. The red contour corresponds
to the red contour in the left panel.
Column density map:
The color temperature map is calculated on the basis of the
Planck 857, 545, and 353 GHz bands and the IRIS 3 THz band,
convolved to the same angular resolution (7′). The spectral en-
ergy distribution for each pixel is fitted by the modified black-
body law Bν(T )νβ using a spectral index β = 2, which cor-
responds to the value adopted for the Planck Cold Clumps in
Planck Collaboration XXVIII (2015). The column density map
is then calculated using Planck 857 GHz channel flux density
and
NH2 =
Iν
µmH Bν(T ) κν
, (4)
where the dust opacity κν is taken as 0.1 (ν/1 THz)β cm2g−1 ac-
cording to Beckwith et al. (1990), and µ = 2.8 amu is the mean
molecular weight per H2 molecule.
2.2. Molecular line observations and data
The Monoceros OB 1 molecular complex was observed with
the TRAO 14-meter telescope (Jeong et al. 2019) as part
of the COMMON large programme (COMplete view of the
MONoceros OB1 molecular complex, P.I.: J. Montillaud), from
March till May 2019, and from November 2019 till April 2020.
The 12CO and 13CO (J=1-0) rotational lines at 115.271 and
110.201 GHz, respectively, were detected with the SEQUOIA-
TRAO frontend, a 4×4 multi-beam receiver, with a spectral reso-
lution of ∼ 0.04 km s−1 and a beam size of 47′′. After smoothing
the spectra to an effective resolution of 0.2 km s−1, the achieved
sensitivity is rms(T ∗a )≈ 0.35 K and ≈ 0.15 K for 12CO and 13CO,
respectively. The dataset is presented in-depth by Montillaud et
al. (in prep.). In the present paper, we use the 6 deg2 cover-
ing the Eastern part of the complex, as presented in Fig. 2. The
Monoceros OB-1 complex is detected in the velocity range from
−3 to 17 km s−1, and the analysis of the TRAO data in this paper
is restricted to these limits.
3. Methods
3.1. Velocity coherent structures
The TRAO 13CO data were analysed to identify velocity co-
herent structures (VCS). We adapted the method presented in
Montillaud et al. (2019b), which in turn is adapted from Hacar
et al. (2013). In short, we start by smoothing each velocity chan-
nel with a Gaussian kernel of full width half maximum (FWHM)
of 100′′, to improve the S/N. Each pixel is then fitted with up
to three Gaussian components, and the central velocities of the
components peaking at values with S/N > 12 are used to build
a cube of discrete points. A friends-of-friends algorithm is then
used to connect the most related points. Two points are consid-
ered to be ”friends” when they are within a 5× 5× 5 box, where
3
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pixels are 20′′ wide and the channel width is 0.2 km s−1. These
values are found to provide VCSs small enough to disentangle
the main parts of the clouds, and large enough to enable an anal-
ysis of the magnetic field properties.
3.2. Determination of the magnetic field strength
Chandrasekhar & Fermi (1953, hereafter CF) led a pioneer-
ing work on the determination of the magnetic field strength
from the dispersion of polarisation angles in the Galactic plane.
Further, the principle of linking the magnetic field strength to
the dispersion of the observed angles has been used to study
the balance between magnetic and turbulent energies in molecu-
lar clouds. Among many modifications to the method that were
proposed to resolve issues related to observational constraints
or to the underlying assumptions on the nature of turbulence,
we choose the approach proposed by Houde et al. (2009). It as-
sumes turbulence to be isotropic and homogeneous which is not
the case in molecular clouds where gradients of the MHD turbu-
lent velocities are dependent on the magnetic field orientation.
However, this method accounts for the effects of beam dilution
and integration through the thickness of the cloud which are the
main sources of overestimation of the magnetic field strength
using the CF method.
The method consists of evaluating the dispersion function of
polarisation angles at different lags, or distance, l, expressed by
C = 1 − cos〈∆ψ(l)〉, that makes it possible to determine the tur-
bulent (Bt) to ordered (B0) magnetic field strength ratio through
the following equation:
C = 1 − 〈cos[∆ψ(l)]〉 ' √2pi 〈B
2
t 〉
〈B20〉
[
δ3
(δ2 + 2R2)L
]
×
[
1 − e−l2/2(δ2+2R2)
]
+ al2 , (5)
where δ is the turbulent correlation length, R is the telescope
beam radius, L is the thickness of the cloud, and a is a parameter
defining the large-scale component. The right-hand term of the
equation is calculated from the Planck data. For each lag l we di-
vide data into distance bins where the bin width is constant and
is equal to 3′. Note that only unique pairs of points are consid-
ered. For each pair i, j, the difference ∆ψi j is given through the
corresponding Stokes Q and U parameters:
∆ψi j = 0.5atan(Q jUi − QiU j,QiQ j + UiU j) . (6)
We estimate the beam radius with FWHM = 7′, and we assume
the thickness of the cloud along the LOS in a given region to be
equal to the region’s width in the POS.
The fit to the dispersion function provides 〈B2t 〉/〈B20〉, a and
δ. The strength of the POS component of the large-scale mag-
netic field is determined using the CF formula (Chandrasekhar
& Fermi 1953):
B0 =
√
4piρσ(v)
√
〈B20〉
〈B2t 〉
, (7)
where B0 is the value we are searching for, while 〈B20〉/〈B2t 〉 is
the fitted parameter, σ(v) is the LOS velocity dispersion, and ρ is
the mass density. We obtain σ(v) from the TRAO 13CO emission
maps degraded to the same spatial resolution as the Planck data.
The density ρ is evaluated for the volume density n = 102 cm−3,
which is motivated, first, by N2H+ emission being mostly lim-
ited to the cores of the junction region in the IRAM observations
of Montillaud et al. (2019b). Second, as we will see in Sect. 3.2,
the magnetic field orientation derived from the Planck polarisa-
tion data and from the gradients technique applied to the TRAO
spectroscopic data shows a better agreement for the 12CO emis-
sion, which suggests that we also detect the magnetic field in the
extended large-scale structure, from which we derive the veloc-
ity coherent structures (described in Sect. 3.1). It is worth noting
that in a recent study Evans et al. (2020) argued that most of the
13CO emission in molecular clouds could arise from the gas at
the density around 102 cm−3. We also make a tentative estima-
tion of the volume density by assuming the depth of the cloud L
to be equal to its width (approximate angular widths are taken to
be 30′, 15′, 15′ for the three VCSs described in Sect. 4.2) and
using n(H2) = NH2/L as in Liu et al. (2018a). The obtained val-
ues range between ' 102 and ' 2 × 102 cm−3 and remain within
the adopted order of magnitude.
3.3. Velocity and intensity gradient techniques
The velocity gradient technique (VGT; Gonza´lez-Casanova
& Lazarian 2017; Yuen & Lazarian 2017a; Lazarian & Yuen
2018a) is a new method to trace the magnetic fields. It employs
the anisotropic properties of MHD turbulence (Goldreich &
Sridhar 1995) and the theory of turbulent reconnection (Lazarian
& Vishniac 1999), i.e., the fact that turbulent eddies are elongat-
ing along with the local magnetic fields for both subsonic and
supersonic cases. For subsonic motions, the velocity and density
fluctuations exhibit similar statistical properties so that the ve-
locity gradient (called VGs hereafter) and density gradient (or
intensity gradients, called IGs hereafter) both are perpendicular
to the magnetic field. This is the basis on which the intensity gra-
dient technique (IGT)2 was developed (Yuen & Lazarian 2017a;
Hu et al. 2019a).
The molecular cloud is generally supersonic (Zuckerman
& Evans 1974a; Padoan et al. 1999; Ballesteros-Paredes et al.
2007). In this case, the shock appears and it breaks the anisotropy
relation of density field. In this case, the IGs would be paral-
lel the local magnetic fields rather then perpendicular in front
of shocks. As for VGs, its relative orientation with respect to
the magnetic fields is still perpendicular (Hu et al. 2019a). The
comparison between the VGs and the IGs, therefore, can serve
as an indication of regions of shock. Another particular situation
for VGs and IGs is the self-gravity. Hu et al. (2020) numerically
demonstrated that the inflow induced by gravitational collapse
could flip the orientation of both IGs and VGs by 90 degrees,
from perpendicular to parallel to the magnetic field. This phe-
nomenon has been observed in the molecular clouds NGC 1333
and Serpens (Hu et al. 2019d). The comparison of the magnetic
field orientations inferred from the interstellar dust polarisation
measurements with the orientations of VGs can then reveal re-
gions of gravitational collapse as well as quiescent regions where
turbulent motions, thermal pressure, and magnetic support dom-
inate over gravitational energy.
The applicability of the techniques has been observationally
demonstrated by making comparisons with Planck 353 GHz po-
larization and BLASTPol polarization observations (Hu et al.
2019d,b). The notion of tracing the local orientation is important
2 The IGT should not be confused by the Histograms of Relative
Orientation (HRO) proposed by Soler et al. (2013). While both tech-
niques employ intensity gradients, the IGT uses the set of procedures
from the VGT to obtain the orientation of the magnetic field. On the
contrary, the HRO gets the magnetic field via polarization measure-
ments and compares those with the intensity gradients. A detailed com-
parison of IGT and HRO is presented in Hu et al. (2019a).
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as it means that the gradients can map the detailed structure of
magnetic field and not only the mean magnetic field orientation3.
Within this paper using the spectroscopic data, the technique al-
lows us to trace the magnetic fields by calculating the IGs and
VGs from the integrated intensity map (moment-0) and the ve-
locity centroid map (moment-1), respectively (Yuen & Lazarian
2017b; Hu et al. 2019a). We briefly describe the calculation pro-
cedures in the following.
The gradients’ calculation is performed by convolving indi-
vidual 2D moment maps with 3 × 3 Sobel kernels Gx and Gy
Gx =
−1 0 +1−2 0 +2−1 0 +1
 , Gy =
−1 −2 −10 0 0
+1 +2 +1

as follows:
5x f (x, y) = Gx ∗ f (x, y)
5y f (x, y) = Gy ∗ f (x, y)
ψg(x, y) = tan−1
(5y f (x, y)
5x f (x, y)
)
,
(8)
where f (x, y) represents either moment-0 or moment-1 maps,
5x f (x, y) and 5y f (x, y) are the x and y components of gradi-
ent respectively, and ∗ denotes the convolution. However, the
anisotropy of MHD turbulence concerning the local magnetic
field is a statistical concept. The pixelized raw gradient map
ψg(x, y) is not necessarily required to have any relation to the
local magnetic field orientation. The perpendicular relative ori-
entation of gradients and magnetic field only appears when the
gradient sampling is enough. The statistical sampling proce-
dure utilizes the sub-block averaging method, which is proposed
by Yuen & Lazarian (2017b). The sub-block averaging method
firstly takes all gradients orientation within a sub-block of inter-
est and then plots the corresponding histogram. Because the his-
togram is close to a Gaussian distribution, the expectation value
of the Gaussian distribution reflects the statistically most prob-
able orientation of gradient. The expectation value of gradients
defines the mean gradient orientation for the sub-block and is
expected to be perpendicular to the magnetic fields.
The velocity channel gradients (VChGs) are calculated sim-
ilarly to VGs using the thin velocity channel map Ch(x, y).
Ch(x, y) is defined as:
Ch(x, y) =
∫ v0+∆v/2
v0−∆v/2
TR(x, y, v)dv (9)
where TR is the the radiation temperature and v0 is the velocity
corresponding to the maximum intensity position in the emis-
sion line. The channel width ∆v satisfies ∆v <
√
δv2 where δv is
the velocity dispersion. The thin velocity channel maps are used
within the assumption that the velocity fluctuations are dominat-
ing over density fluctuations due to the velocity caustic effect
(Lazarian & Pogosyan 2000).
In this work, we apply IG, VG, and VChG techniques to the
TRAO data, with sub-block size of 20×20 pixels (one pixel is
20′′ large) which is the empirical minimum value (Lazarian &
Yuen 2018b) and smooth to 7′ resolution of the Planck data.
3 The orientation of velocity in turbulent eddies with respect to the lo-
cal orientation of the magnetic field passing through the eddies follows
from the theory of turbulent reconnection (Lazarian & Vishniac 1999)
and is well supported by numerical simulations, e.g. Cho & Vishniac
2000, Cho et al. (2002).
Fig. 3: The TRAO 13CO in-
tegrated (between vlsr = −3
and 17 km s−1) T ∗a emis-
sion map of the Northern
part of the cloud in K km s−1
with the schematic represen-
tation of the sub-structures.
Contours are taken at 5
K km s−1.
4. Results
4.1. Plane-of-the-sky magnetic field structure
Figure 2 shows the Planck intensity map and the POS magnetic
field orientation represented by blue segments. The length of the
segments corresponds to the value of p in a given pixel. The
Monoceros OB1 East molecular cloud is located around two de-
grees above the Galactic plane and we observe the uniformly ori-
ented magnetic field in the South-Western part of the map, which
is globally aligned with the Galactic plane, with the bII = 0◦ lat-
itude shown by the pink dashed line. Moving from the Galactic
Plane towards the centre of the map, the POS magnetic field ori-
entation changes gradually with increasing intensity, then shifts
by 90 degrees from the SE-NW (South-East - North-West) to
the SW-NE (South-West - North-East) orientation at the Western
border of the main part of the cloud, and the SW-NE orientation
prevails throughout the densest part. The low-intensity Eastern
part of the map also shows a uniform orientation of the magnetic
field, orientated North, that changes in the brighter region. We
divide the cloud into two sub-regions: the Northern part, which
has a clear filamentary shape, and the Southern part that includes
the NGC 2264 open cluster whose location corresponds to the
red color area in the Planck intensity map. In Fig. 2 the Northern
and Southern parts are delimited with yellow and green boxes
respectively. We observe that the two parts show different POS
magnetic field structures.
In what follows, we adopt the nomenclature introduced by
Montillaud et al. (2019b) for the sub-structures in the Northern
part. There, the North-Main filament is located in the lower part,
connected to two upper filaments that extend slightly to the East
and West which will be called North-Eastern and North-Western
respectively, and the three filaments are connected at the junction
region. The schematic representation of these structures is shown
in Fig. 3.
The Northern part of the cloud shows a large-scale magnetic
field which is mostly orientated in the South-North direction.
In order to analyse the variations along the cloud, we show in
Fig. 4 the maps of polarised linear intensities in that region, Q
and U, used for the calculation of ψB (Eq. 3), so that their rela-
tive variations partially reflect variations of ψB. The North-Main
filament and the North-Eastern filament, which are proposed by
Montillaud et al. (2019b) to form one structure, are clearly de-
tected in Q as a strong negative emission in a mostly uniform
background with the maximum (in absolute value) in the junc-
tion region. The U parameter shows a gradient in the direction
from South-East to North-West. Remarkably, the North-Eastern
5
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and North-Western filaments have opposite U polarities (posi-
tive and negative respectively), which means that the magnetic
field orientation is systematically directed North with an inclina-
tion to the East and West respectively. This is also seen when in-
specting the map of the magnetic field angles in Fig. 2 and when
considering the filamentary structures detected in the Planck col-
umn density map using RHT (see details in App. A). The mean
magnetic field angles are around 3◦ and −2.6◦ with the mean dis-
persion of 5.4◦ and 5.3◦ in the North-Eastern and North-Western
filaments respectively. The decrease in Q lies between the junc-
tion region and the North-Main filament, and U changes its sign
at the southernmost end of the junction region. This means that
the two structures have distinct polarisation properties.
The Southern part of Monoceros OB1 East, shown in the
green box in Fig. 2, has a clearly different magnetic field struc-
ture. In particular, at the Eastern border, we observe a region
with a distinct uniform magnetic field orientated roughly perpen-
dicular to the Galactic plane, extending from low-intensity re-
gions towards the brightest part, which includes NGC 2264. We
note that the brightest part seems to be perpendicular to this uni-
form magnetic field. The Southernmost end of the region shows
a global North-South orientation of the POS magnetic field in-
ferred from the Planck data, and the two meet in the brightest
part of the cloud (see the right panel of Fig. 2). The global SW-
NE orientation is also detected in the southernmost Western cor-
ner of the Northern part.
Fig. 4: Planck Stokes Q (left panel) and U (right panel) maps of
the Northern part of Monoceros OB1 East, shown in yellow box
in Fig. 2. Contours correspond to the TRAO 13CO emission, as
shown in Fig. 3.
4.2. The strength of the magnetic field and the effect on
filaments stability
We estimate the POS magnetic field strength in the North-
Eastern, North-Western, and North-Main filaments, in particular,
in the regions that are identified as VCSs in 13CO emission. This
allows us to constrain not only the spatial extent of the regions,
but also the associated velocity profiles and their dispersions. We
require the VCS to contain at least 100 pixels (after projection
onto the Planck grid). The North-Main filament contains sev-
eral VCSs in the junction region. We do not consider that part
of the filament to avoid confusion. We also note that the VCS
corresponding to the North-Eastern filament covers mostly the
Northern part of the filament. The contours of the VCS and the
velocity dispersion map are represented in Fig. 5. We can see that
the three VCS do not spatially overlap, and because each of the
structures accounts for most of the observed emission, the use of
the Planck polarisation data is justified. The angular dispersion
function C and the corresponding fits performed as described in
Sect. 3.2 are shown in Fig. 6. The fit was applied to interme-
diate lags because, at low separations between data points, the
assumption of the Gaussian turbulent auto-correlation function
is not relevant (Houde et al. 2009), while at large separations
one might be tracing uncorrelated components.
The resulting estimates of the POS magnetic field strength
are reported in Table 1. We find that the strength is around 17 µG,
5 µG and 6 µG in the North-Main, North-Western, and North-
Eastern regions respectively, or globally of the order of 10 µG.
The uncertainties are estimated from the propagation of the stan-
dard error between the data and the fit. Although the determi-
nation of the magnetic field strength using the CF method and
the approach adopted here are subject to several assumptions,
the relative analysis of the result in different regions allows us
to conclude that the North-Western region has a larger turbulent
component (〈B2t 〉/〈B20〉 ' 0.67 compared to ' 0.14 and 0.11)
with the large-scale magnetic field strength two times weaker
than in North-Main filament. The values of B0,POS reported here
are tentative and the possible range will be discussed in Sect. 5.
As far as we know, there are no Zeeman line splitting observa-
tions in G202.3+2.5 (the Northern part). In the NGC 2264 pro-
tocluster located half-a-degree south to the North-Main region,
Zeeman line splitting observations were studied by Maury et al.
(2012), but in that region we observe a clearly different geom-
etry of the POS magnetic field. The magnetic field component
projected onto the line of sight (LOS) was estimated to 600 µG
at largest, using IRAM 30-metre observations of CN(1-0) emis-
sion line at the resolution of 23′′. The Zeeman measurement with
IRAM traces the small-scale magnetic field strength in the NGC
2264, while the Planck + CF-derived magnetic field strength ap-
plies to the large-scale magnetic field of G202.3+2.5 and cannot
be directly compared.
We compare our results with the results derived using a
method that does not account for the beam dilution. Hildebrand
et al. (2009) proposed to use the two-point angular structure
function within the assumption of the independence between the
large-scale ordered and turbulent components that introduces no
assumptions on the geometry of the large-scale field. The details
of the calculations are reported in App. B, and the magnetic field
strength estimation is reported in the fourth column of Table 1.
This method yields values about two orders of magnitude larger
for the strength of the ordered component and it proves the ne-
cessity of accounting for the beam dilution to any data. It was
also noted by Planck Collaboration Int. XXXV (2015) that the
method proposed by Hildebrand et al. (2009) should be applied
with caution to the Planck data.
The magnetic field may support the filamentary clouds
against gravitational fragmentation. To quantify this, we eval-
uate the ratio λ between the actual and critical mass-to-magnetic
flux ratios M/Φ according to Crutcher (2004):
λ = 7.6 × 10−21NH2/Btot , (10)
where Btot is the total magnetic field strength in µG and N(H2)
is the column density of molecular hydrogen in molecules per
cm2. We then determine the total magnetic field strength out of
our estimation of BPOS : Heiles & Crutcher (2005) argued that
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Fig. 5: Left panel: location of the North-Main (white contour),
North-Western (yellow contour), and North-Eastern (red con-
tour) velocity coherent structures overlaid on the TRAO 13CO
integrated intensity map, in K km s−1. Segments represent the
POS magnetic field orientation derived from the Planck data,
the length of the segments corresponds to the polarisation frac-
tion, with the reference length of 10′ corresponding to p = 0.05.
Right panel: velocity dispersion in the three subregions from
the 13CO emission TRAO data, smoothed to 7′ resolution, in km
s−1.
Table 1: Results of the fit parameter 〈B2t 〉/〈B20〉 from the
Eq. 5, the derived magnetic field strength B0,POS , the mag-
netic field strength derived using the angular structure
function (see App. B), and the estimated mass-to-magnetic
flux ratio parameter λ in the three detected VCSs in the
Northern part.
Region 〈B2t 〉/〈B20〉 B0,POS B10,POS λ2
(µG) (µG)
North-Main 0.14 16.0 ± 2.5 385 ± 17 0.95
North-Western 0.67 5.1 ± 0.9 362 ± 14 2.55
North-Eastern 0.11 6.5 ± 1.1 85 ± 2 1.40
1 calculated according to the method of Hildebrand et al. (2009),
described in App. B
2 calculated using Eq. 10
statistically the BPOS accounts for 0.79 of Btot on average, and
we adopt this value. If λ < 1, the cloud is subcritical which
means here that the cloud is not prone to collapse, and λ > 1
the gravitational energy is larger than the support provided by
the magnetic field. We average the column density data in the
three VCS regions and obtain λ = 0.95, 2.55, and 1.40 for the
North-Main, North-Western, and North-Eastern regions respec-
tively. This means that these regions are mostly supercritical,
where the magnetic field alone is not providing sufficient sup-
port against collapse. As we shall see in Sect. 4.3, the VGs do
not show significant signs of collapse, and turbulence may be the
most likely factor providing support.
It is worth noting that the velocity dispersion used in this
analysis is provided by the 13CO data, while the polarisation data
at the given resolution (7′ or 1.5 pc) traces the cold dust emission
of structures such as cold clumps or dense filaments. Thus, these
results characterize the gravitational to magnetic balance at in-
termediate densities only (lower than 10 cm−3), and do not con-
Fig. 6: Angular dispersion functions C (C = 1 − cos(〈∆ψ(l)〉))
and the corresponding fits to the data using Eq. 5 (dotted curves)
for the North Main, North Western, and North Eastern regions
from top to bottom respectively. The dashed curves show the
integrated turbulent component obtained from Eq. (5) without
the exponential term.
tradict potentially different behaviours at smaller scales in dense
cores. The present study should be complemented with higher
angular resolution data to tackle this question. E.g., one could
consider using the data from the Atacama Cosmology Telescope
(ACT, Thornton et al. 2016) at 1′ resolution (Naess et al. 2020)
to make the comparison between polarimetry- and spectroscopy-
derived orientations of the POS magnetic field but also estimate
the strength using techniques involving the polarization-gradient
relation within ideal MHD framework from the polarimetric data
only (Koch et al. 2012).
4.3. Coupling between magnetic field structure and the
cloud’s dynamics
According to Hu et al. (2020), the relative orientation between
the magnetic field as inferred from dust polarimetric observa-
tions and the velocity and intensity gradients of the gas emission
can be used as an indicator of the undergoing dynamical pro-
cesses:
– i) if both the VGs and IGs are perpendicular to the magnetic
field, this is an indication that the gravity is not a dominant
factor in the region;
– ii) if both the VGs and IGs are parallel to the magnetic field,
this is an indication of a gravitational collapse;
– iii) if the VGs are perpendicular to the magnetic field while
the IGs are parallel to it, this is an indication of a shock.
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We represent in the first panel (a) of Fig. 7 the POS magnetic
field traced by the interstellar dust polarised emission and the
VGs and IGs calculated on the 12CO TRAO data in the Northern
part of Mon OB1 East association, for illustration purpose. We
compute the angle differences between magnetic fields and VGs
and IGs and represent the PDFs in Figure 8. Globally, the DFs
peak at 90◦, and a 30◦ range from the peak corresponds to more
than 1σ level. In what follows, we adopt this margin as a con-
fident one. We identify two main types of dynamical regions in
the Northern part: the ”quiescent” regions where the IGs and
VGs are both perpendicular with the magnetic field orientation
within 30◦ (case i) and the candidate ”shock” regions where the
VGs are perpendicular to and the IGs are parallel to the mag-
netic field within 30◦ (case iii). The former means that the mag-
netic field orientation derived from the gradients orientation (ob-
tained by rotation of 90◦) would give the same orientation of the
magnetic field as the one derived from dust polarisation obser-
vations. In panels b-e of Fig. 7 we overlay the two regions on the
grey scale image of the 13CO integrated intensity map: the qui-
escent regions are represented as blue shaded areas, while the
shock regions are represented as the green shaded areas. In the
North-Main and North-Eastern filaments the 12CO and 13CO in-
tensity and velocity gradients both agree with polarimetric data
in estimating the magnetic field orientation. It means that, first,
apparently there is no source of foreground contamination in the
polarised emission map, and both polarimetric and spectroscopic
data trace the same media and second, the turbulent motions in
the gas and the magnetic field support are larger than the grav-
itational forces (case i), as expected from theory on MHD tur-
bulence that forms the basis of the gradients technique used in
this study. Interestingly, the comparison of the 12CO VGs and
IGs with the dust-derived POS magnetic field in panel b traces
a shock in-between the North-Eastern and North-Western fila-
ments, while we observe no such dynamics in 13CO (panel c).
It is worth noting that the VG and IG maps were smoothed
to the Planck resolution in order to be compared to the polari-
metric data. However, these maps bring information on the mag-
netic field structure and the dynamics of the gas at higher res-
olution. We over-sample the Planck map and represent in the
last two panels (d and e) of Fig. 7 the shock and quiescent re-
gions identified using the unsmoothed map of 12CO and 13CO.
The corresponding histograms are reported in App. C. In the
Northern part of the junction region, in diffuse gas, we do not ob-
serve any obvious trend. However, if the smoothing is applied,
this region shows a coherence between magnetic field orienta-
tion derived from spectroscopic data and the magnetic field ori-
entation derived from polarisation data. This can be due to the
confusion of multiple structures along the LOS present in this
dense region (Montillaud et al. 2019b). In denser parts, traced
by 13CO, the comparison between unsmoothed gradients and
over-sampled Planck magnetic fields reveals a small shock re-
gion between the two filaments which disappears if smoothing
is applied. The coherence between magnetic field orientation de-
rived using polarimetric and spectroscopic data is also lost at the
southernmost end of the junction region, where a signature of
merging of the North-Eastern and North-Main filaments was de-
tected using the IRAM 30-metre observations (Montillaud et al.
2019b). Comparison with higher resolution polarimetric data is
necessary in order to analyse the magnetic field in this region.
The velocity channel gradients (VChGs) show a better agree-
ment with the Planck data in determination of the magnetic field
orientation: their PDFs show narrower peak toward 90◦, while
the VG’s PDFs are flatter, especially for the 13CO data (right
panel of Fig. 8).
Figure 9 shows the Southern part of Mon OB1 East. The
magnetic field traced by the interstellar dust emission polari-
sation at the Eastern edge of the cloud extends up to above
δ2000 = 10◦, over a region around 1◦ × 1◦ (or 13 × 13 pc2) even
in regions with no significant CO detections, orientated roughly
perpendicular to the Galactic plane (see left panel of Fig. 2). An
elongated structure that joins the main cloud at the Eastern bor-
der is detected at a vlsr from 8 to 8.4 km s−1 in both 12CO and
13CO gas and follows the magnetic field structure, whereas the
rest of the cloud has velocities in the range 3 to 7 km s−1 (frame b
in Fig. 9). The intensity and velocity gradients derived from the
12CO and 13CO data show the same magnetic field orientation
as the polarimetric data, in particular in 13CO emission (panels
c and d). The histograms of the absolute difference between the
orientation of the magnetic field derived from polarimetric data
and the orientation of the IGs and VGs are reported in App. C.
We also observe that the velocity centroid gradients of 12CO in-
dicate a shock-like dynamics near the densest part of the cloud.
However, it disappears when considering the velocity channel
gradients (VChGs). This probably means that several structures
are present along the LOS and higher resolution analysis would
be necessary.
5. Conclusion and perspectives
We analysed the large-scale magnetic field structure of the
Monoceros OB-1 East molecular cloud with its complex mor-
phology of interconnected filaments in order to study the possi-
ble influence of the magnetic field in the evolution and formation
of the cloud and in its active star formation. We used the Planck
353 GHz polarised channel to trace the plane-of-the-sky (POS)
component of the magnetic field associated with the cold dust
and the novel technique of estimation of intensity and velocity
gradients (IG and VG). This approach allows us to trace dynam-
ically active regions such as shocks or turbulence and magnetic
field dominated regions via comparison of the polarimetric ob-
servations with the spectroscopic data.
The Northern part of the cloud seen in submillimeter and ra-
dio wavelengths has a filamentary shape which bifurcates into
two filaments. Montillaud et al. (2019b) identified the structures
as the North-Main, North-Western, North-Eastern filaments, and
the junction region (Fig. 3) and suggested that the North-Western
and North-Eastern filaments are moving towards each other. Our
analysis of both spectroscopic and polarimetric data showed that
these two latter filaments have distinct properties regarding mag-
netic field geometry. We estimated the magnetic field strengths
using the Chandrasekhar-Fermi (CF) method modified to ac-
count for beam dilution. Although the values are similar (be-
low 10 µG), the ratio of the turbulent-to-ordered component is
larger for the North-Western filament. The two filaments are su-
percritical with the ratio between the actual and critical mass to
magnetic flux ratio λ = 2.55 and 1.40 for the North-Western and
North-Eastern filaments respectively, which confirms again that
the North-Western filament is dynamically more active. We em-
phasize that the magnetic field strength was calculated for the
Northernmost end of the North-Eastern filament. Note that the
strength estimation using the CF method, even with corrections
as applied in this analysis, can be uncertain by a factor of two or
more, as discussed in Crutcher (2012). Also, there exists an un-
certainty on the determination of nH2 from observations of
13CO,
which is generally assumed to be a tracer of gas at n = 103
cm−3 rather than the values adopted here and supported by re-
cent studies (Evans et al. 2020). In this case the strength of the
magnetic field would be larger by a factor of ' 3 and the two
8
D. Alina and J. Montillaud and Y. Hu and A. Lazarian: Magnetic field in Mon OB-1 East
a) 12CO, smoothed b) 12CO, smoothed c) 13CO, smoothed
d) 12CO, unsmoothed e) 13CO, unsmoothed
Fig. 7: a) The Northern part of Mon OB-1 East (corresponding to the yellow rectangle in Fig. 2) with the POS magnetic field
orientation (green segments), the orientations of velocity gradients (black segments), and intensity gradients (red segments) overlaid
on the TRAO 12CO integrated intensity map (between vlsr = −3 to 17 km s−1). b-e) The same region, where the green shaded
pattern corresponds to the candidate shock regions (case iii); the blue shaded pattern corresponds to the regions where gravity is not
dominant (case i), overlaid on the 13CO integrated intensity grey scale map: b) based on 12CO TRAO data smoothed to 7′ resolution,
c) based on 13CO TRAO data smoothed to 7′ resolution, d) based on 12CO TRAO data at the resolution of 47′′, e) based on 13CO
TRAO data at the resolution of 47′′.
Fig. 8: PDFs of the absolute differences between the POS mag-
netic field derived from the Planck data and the IGs in black
(plain curve), VGs in red (dashed curve), VChGs in blue (dash-
dotted curve) for the Northern part. Left: based on 12CO data,
right: based on 13CO data.
filaments would be sub-critical (with λ = 0.8, and 0.4 for the
North-Western and North-Eastern), supported by the magnetic
field. However, we do not detect signs of gravitational accre-
tion when comparing the VGs and IGs to the polarimetric data.
This is in line with studies aiming to explain the inefficiency of
star formation in molecular clouds (Zuckerman & Evans 1974b).
Simulations (Clark & Bonnell 2004; Dobbs et al. 2011; Bonnell
et al. 2011) and observations (Barnes et al. 2016; Nguyen-Luong
et al. 2016) showed that globally molecular clouds are gravi-
tationally unbound entities with sites of very dense bound gas
in which star formation occurs. We also detect a signature of a
shock in the diffuse gas, located in the northernmost end of the
cloud between the two filaments. The denser gas tracer does not
show such a trend. This may either mean that the dense struc-
tures are formed before the collision, or indicate that the dis-
sipation of the shock in the diffuse gas takes longer time. The
presence of a shock detection in the combination of polarimet-
ric and spectroscopic data supports the hypothesis of a collision
of the filaments proposed by Montillaud et al. (2019b) and our
analysis suggests that the magnetic field is frozen and is dragged
along with the matter during their evolution.
The North-Main and North-Eastern filaments have, on the
one hand, similar polarised intensities properties (i.e. in Q and
U), and, on the other hand, similar behaviours in intensity and
velocity gradients orientation with respect to the observed POS
magnetic field (Figs. 4 and 7). This is true to a greater extent
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a) b) 12CO, First moment
c) 12CO d) 13CO e) 12CO, VChG
Fig. 9: Upper row: a) the Southern part of Mon OB-1 East (corresponding to the red box in Fig. 2) with the POS magnetic
field orientation (yellow segments, note that the color of the segments is different from that in Fig. 7 for better visualisation), the
orientations of velocity gradients (black segments), and intensity gradients (red segments) overlaid on the TRAO 12CO integrated
intensity map; b) first moment map of 12CO emission, in km s−1.
Bottom row: c) the same region where the green shaded patterns correspond to the candidate shock regions (case iii) and the blue
shaded pattern corresponds to the regions where gravity is not dominant (case i), overlaid on the 13CO integrated intensity grey scale
map based on 12CO TRAO data smoothed to 7′ resolution; d) same as (b), based on 13CO data; e) same as (c), based on velocity
channel maps (VChGs).
if we consider the Northern part of the North-Eastern filament,
where dust polarimetric and spectroscopic data show the same
orientation of the magnetic field in both 12CO and 13CO. This
sheds a new light on the findings of (Montillaud et al. 2019b)
who interpreted these two filaments as two originally distinct
structures in the process of merging at the level of the junction
region, while the North-Western filament was understood as the
continuity of the North-Main filament. In contrast, their mag-
netic properties suggest that they originally formed one structure
and apparently the magnetic field conserved its orientation along
the filament throughout the evolution. In this case, the collision
would be occurring between the North-Western filament on the
one hand, and the North-Main and North-Eastern filament on the
other hand.
A large ordered magnetic field orientated roughly perpendic-
ular to the Galactic plane is permeating the Southern part of the
cloud across its densest part. Moreover, the whole region is elon-
gated perpendicular to this magnetic field. We identify probable
inflow regions possibly channeled by the magnetic field lines at
the South-Eastern part. The signs of shocks present when using
the velocity centroid maps disappear when using velocity chan-
nel maps and are still to be investigated. The Southern part of the
cloud is globally slightly elongated perpendicular to the mag-
netic field lines and parallel the Galactic plane. Also, the densest
part of the Southern part, corresponding to the location of the
NGC 2264 open cluster, is located exactly at the confluence of
two distinct magnetic field regions.
Our study of Monoceros OB1-East molecular cloud supports
the emerging paradigm: The molecular cloud filaments with high
densities than their environments are mostly elongated perpen-
dicular to the magnetic field, as we see in the Southern part. The
lower density-contrasted filaments tend to align with the mag-
netic field, as we observe in the Northern part.
We had to smooth VG and IG maps in order to properly
compare both data sets, and polarimetric observations at reso-
lution comparable to the TRAO data could further contribute to
the analysis of the interplay between magnetic fields and the tur-
bulence in the region. Naess et al. (2020) obtained a large data
set of polarised emission in the microwave wavelengths from
ACT. They developed an algorithm to combine Planck and ACT
data. Their data include the Monoceros OB1-East cloud region
and a detailed comparison will be possible after the release of
the maps. It might be also possible to derive the strength of
the magnetic field using these polarimetric data only if apply-
ing other techniques such as the polarisation-intensity gradient
based method by Koch et al. (2012). Besides the comparison
with polarimetric observations, VGs and IGs can be used to esti-
mate magnetisation of the interstellar medium. A detailed analy-
sis of higher S/N data in velocity channels region by region will
improve our knowledge of the magnetic field properties in the
cloud. Also, analysis of spectroscopic data of dense gas tracers,
such as N2H+, using the VGs and IGs techniques along with
higher resolution polarimetric measurements would be neces-
sary to investigate a possible connection between the magnetic
field and the dynamics. This is especially relevant in the complex
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structures such as the junction region or the NGC 2264 region.
These issues will be addressed in a subsequent study.
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Appendix A: Relative orientation between the
filaments and the magnetic fields
Filament detection algorithm
A number of algorithms for identification of filamentary pat-
terns aroused with the discovery of the cosmic web structure of
the galaxy clusters (Bond et al. 1996) and of the ubiquitous na-
ture of the interstellar filaments as revealed by Herschel (Andre´
et al. 2014). Among many we use the Rolling Hough Transform
(RHT) (Clark et al. 2014) because it allows us to identify struc-
tures regardless of their intensity relative to the maximum inten-
sity over the map, which means that not only the densest filament
is detected. Furthermore, it allows us to trace the structures ex-
tent which means that not only the crest is detected. The RHT
is based on the Hough Transform (Hough 1962), it centers at
each pixel a user-defined kernel of rectangular shape, computes
total intensity for every position angle in parameter space and
builds a histogram from which a final value is picked up. The
method strongly depends on the input parameters such as ker-
nel size, length and threshold for determination of the final an-
gle over the histogram that are chosen for each map separately
depending on the resolution and the angular size of the struc-
tures. Also, the rectangular kernel privileges linear structures and
the detected pattern can be more linear than the real filament.
However, choosing a relatively short aspect ratio for the kernel,
that is between two and four, makes it possible to reflect the
global curvature of the structure. We apply RHT to the Planck
column density map. The explored parameters range were be-
tween 15′ and 31′ for the length and 3′ to 9′ for the width, the
smoothing kernel is set to be equal to the kernel width. The final
parameters are 21′ and 6′ for the kernel’s length and width re-
spectively, and the normalised histogram threshold for the iden-
tification of the maximum is set to 0.65. It is worth noting that
for detections of more ramified structures, as e.g. in the Herschel
map (Montillaud et al. 2019a) we would suggest to use the op-
timized version which does not requires to set up the histogram
threshold (Carrie`re et al. 2019).
Results
The RHT was applied to the Planck column density map in or-
der to quantitatively define the two Northern filaments as seen
Fig. A.1: The Rolling Hough
Transform (RHT) intensity
calculated over the Planck
column density map. The
yellow curve shows the crest
of the detected structure.
in the continuum map and study the variations the relative ori-
entation of the filaments with respect to the magnetic field. We
represent in Fig. A.1 the detected structure in the Northern part
of the Monoceros OB1-East cloud, where we clearly observe the
three major filaments. Figure A.2 shows PDFs of the magnetic
field angles in the North-Eastern and North-Western filaments.
The red dashed line represents the attempts of Gaussian fits to
the data. In the North-Eastern filament the magnetic field angle
spans from roughly −10◦ to 15◦ with the maximum of the fit at
3◦, while in the North-Western filament it is almost uniformly
distributed between −10◦ and 5◦ with a peak at −2.6◦. We de-
termine the average dispersion along each filament as the mean
value of the standard deviations of the angles taken perpendicu-
lar to the crest, and we obtain 5.4◦ and 5.3◦ for the North-Eastern
and North-Western filaments respectively. Figure A.3 shows the
PDFs of the absolute difference between the magnetic field an-
gles and the filaments orientation. We observe that the magnetic
field and the matter are mostly aligned with respect to each other
in both filaments.
Fig. A.2: The PDFs of the POS magnetic field angles derived
from the Planck 353GHz data in the North-Eastern (left panel)
and the North-Western (right panel) filaments detected by the
Rolling Hough Transform. The red dashed curve represents the
Gaussian fits.
Appendix B: Determination of the magnetic field
strength using angular structure function
In this section, we briefly summarise the method described in
Hildebrand et al. (2009) The two-point polarisation angle struc-
ture function is defined as a root mean square of the angle dif-
ference between a pair of points located at a distance l from
each other. In terms of the Stokes parameters the polarisation
angle structure function has the following expression (Planck
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Fig. A.3: The PDFs of the absolute difference between the POS
magnetic field angles and the orientation of the matter structures
derived using the Rolling Hough Transform in the North-Eastern
(left panel) and the North-Western (right panel) filaments.
Collaboration Int. XIX 2015; Alina et al. 2016):
S (l) =
[ 1
N(l)
N(l)∑
i=1
(1
2
arctan[U(x)Q(x + li) − Q(x)U(x + li),
Q(x)Q(x + li) + U(x)U(x + li)]
)2]1/2
. (B.1)
Hildebrand et al. (2009) approach was the following. Within
the assumption of contribution of the large-scale structured mag-
netic field and the turbulent component of the magnetic field
to be independent, both contribute quadratically along with the
measurement uncertainty σM to the total angle structure func-
tion:
S '
√
b2 + m2l2 + σM(l)2 , (B.2)
where ml defines the large-scale component, and b corresponds
to the turbulent dispersion of the large-scale magnetic field. In
practice, b can be determined from the zero-intercept of the mea-
sured polarisation angle structure function. This allows to cal-
culate the large-scale magnetic field component using the CF
method:
B0 '
√
8piρ
σ(v)
b
(B.3)
We used the same lags for the calculation of S as in Section 3.2.
The resulting curves and the fits are represented in Fig. B.1. The
uncertainties are calculated by propagation of the standard error
between the fit and the data.
It is worth noting that Lazarian et al. (2020) proposed the fol-
lowing expression for the structure function of polarization angle
to be more appropriate in the frame of the MHD turbulence:
S F{V}(R) = qR1+m + pR2 (B.4)
where q and p are constants, V is the velocity centroid and R is
the distance separation. In other words, at the scales less than the
injection scale of the turbulence one measures the scaling that re-
flects the power-law scaling of 3D turbulent motions. Using the
representation given by Eq. B.4 Lazarian et al. (2020) proposed
their new technique of using the structure functions that may be
used in studies of the magnetic fields in molecular clouds.
Appendix C: Additional figures
Here we represent the PDFs of the absolute difference between
the magnetic field orientation derived from the Planck 353 GHz
polarised channel data and the orientation of the IGs and VGs
derived from the TRAO 14-metre telescope CO data. The un-
smoothed gradients are used to produce PDF shown in Fig. C.1,
while the PDF in Fig. C.2 is built using the CO data smoothed
to the resolution of 7′.
Fig. B.1: The structure function calculated according to Eq. B.1
for the North-Main, North-Western and North-Eastern filaments
(diamonds) for different lags l and the fit to the data following
Eq. B.2 (dashed curve).
Fig. C.1: PDFs of the absolute differences between the POS
magnetic field derived from the Planck data and the unsmoothed
(47′ resolution) IGs in black (plain curve), VGs in red (dashed
curve), VChGs in blue (dash-dotted curve) for the Northern part.
Left: based on 12CO data, right: based on 13CO data.
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